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Abstract
Background The aim of this study was to identify factors influencing shoulder and/or neck function in patients up to five years
after treatment.
Materials and methods Lateral flexion of the neck, ipsilateral forward flexion, and abduction of the shoulder were measured.
Potential factors were entered into a linear mixed model analysis to create a multivariate model for describing the results.
Results Predicted neck and shoulder function was negatively influenced by higher age before intervention. Contralateral flexion
of the neck was lower for patients undergoing surgery and radiotherapy compared to surgery. Ipsilateral flexion of the neck is
influenced by a higher age at baseline. Ipsilateral shoulder abduction is lower for female gender, bone graft/flap reconstruction,
and more extensive neck dissection. Ipsilateral forward flexion of the shoulder is lower for bone graft/flap reconstruction and
better for patients with a T2 tumor in comparison to T3 and T4 tumors, as predicted.
Conclusion By our five-year follow-up outcomes of this study, neck and/or shoulder impairments can be found for high-risk
patients by physiotherapists.
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Introduction
The curative treatment of oral cancer has become less invasive
and more targeted in order to minimize negative side effects
and improve functional and cosmetic results [1]. Survivors of
oral cancer commonly experience treatment-related morbidity
that impairs oral functions [2–5] and general physical condi-
tion in addition to causing limitations in daily activities
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involving neck and shoulder function [6]. A decrease in neck
and shoulder function is negatively correlated with the extent
of neck dissection (ND), and it can lead to functional limita-
tions that hamper activities of daily life (ADL) and decrease
Quality of Life (QoL) [6–8].
Lateral flexion of the neck is affected on both the side of the
ND surgery and the contralateral side [6, 8], although patients
experience the greatest impairment in shoulder abduction on
the side of the ND and/or radiotherapy [6, 8]. Reports on prev-
alence of shoulder dysfunction exhibit wide variation in how
the limitations in function progress over time, and they are often
limited to one-year follow-up or a single moment of measure-
ment [9]. One cross-sectional study measuring shoulder range
of motion at five-year follow-up reports slightly lower scores
for shoulder function, as compared to studies reporting one-
year measurements [10]. There is thus no definitive prognostic
information that can be provided to patients during rehabilita-
tion. During treatment, 73% of all patients report the need for
physical therapy and 23% report such needs after 8–11 years
[11]. Patients and clinicians also tend to under-appreciate the
late effects of oral oncology treatment. Insight into late effects is
nevertheless critical for maximizing function and minimizing
symptom burden in long-term survivors. Rehabilitation inter-
vention studies aimed at minimizing neck and shoulder com-
plaints are scarce [12, 13]. In our opinion, one limitation of the
existing intervention studies is their lack of attention to custom-
ized care for patients who are at risk for neck and/or shoulder
complaints. Interventions should be made more patient-
centered through the application of risk-stratified rehabilitation
programs. Studies identifying these clinical factors and patient
characteristics for the purpose of informing patients and clini-
cians and developing optimally timed patient-centered risk-
stratified rehabilitation programs are lacking.
The purpose of this study was to identify clinical factors
and patient characteristics that influence a patient’s neck and
shoulder function during the five-year period following cura-
tive oral cancer treatment.
Methods
Study setting and participants
Patients were recruited between January 2007 and August
2009 in the University Medical Center Utrecht (UMC
Utrecht) and the Radboud University Medical Center
(Radboudumc) in Nijmegen. The study was conducted ac-
cording to the principles of the Declaration of Helsinki (59th
version, 21-10-2008) and in accordance with the Medical
Research Involving Human Subjects Act (WMO). The re-
search protocol was approved by the respective Ethics
Committees of the University Medical Center Utrecht and
Radboud University Nijmegen Medical Center. Patients
received oral information about the study. Inclusion criteria
were having primary oral cavity cancer and undergoing cura-
tive cancer treatment (i.e., surgery only or both surgery and
radiotherapy). To be included, patients were required to be
18 years or older and to provide informed consent. Patients
with bilateral neck dissection (BND), previous or synchro-
nous malignancies, pectoral flap reconstruction, cognitive im-
pairment, or the inability to speak Dutch were excluded. Post-
operative radiotherapy was given by indication within six
weeks after surgery, in accordance with the guidelines of the
Dutch Head and Neck Society. The total radiotherapy dosage
(primary or adjuvant) was 54–70 Gy. Age, gender, tobacco
use, and alcohol consumption were recorded at the pre-
treatment session. Details on tumor location (maxilla, mandi-
ble, tongue/floor of mouth [TFM]), tumor size (T of TNM),
lymph nodes involved (N of TNM) [14], treatment modality
(surgery [S], surgery-radiotherapy [SR]), surgical reconstruc-
tion of the oral cavity (no reconstruction, local flap, free or
myocutaneous flap, bone graft/flap), and type of ND (no neck
dissection [No ND], selective neck dissection [SND], modi-
fied radical neck dissection [MRND], radical neck dissection
[RND] [15]) were obtained from medical records. A distinc-
tion was made between patients who smoked daily and those
who either did not smoke or who smoked infrequently. With
respect to alcohol consumption, a distinction was made be-
tween patients who consumed an average of more than one
alcoholic beverage per day and those who consumed one al-
coholic beverage per day or less. In this study, tumor locations
included the mandible, maxilla (with or without ingrowth in
the maxillary antrum), and tongue/floor of mouth.
Study procedure
The measurement moments were 4–6 weeks before interven-
tion (T0), 4–6 weeks after surgery (T1a), and/or 4–6 weeks
after radiotherapy (T1b), and 6 (T2), 12 (T3), and 60 (T4)
months after intervention.
Measurements
Patients were measured according to a standardized measure-
ment protocol. The active range of motion (AROM) for the
neck and shoulders was determined using the MicroFET 6
electronic inclinometer (Hoggan Health Industries; West
Jordan, UT). Digital inclinometry has demonstrated good
intraclass correlation (ICC) scores of 0.93 for patients with
neck pain [16] and 0.83 for shoulder abduction in patients
with shoulder pain [17]. The following AROM variables were
determined: active maximal lateral flexion of the neck to the
left and right sides in a sitting position; active maximal abduc-
tion; and forward flexion of the shoulder on the side of the ND
in a standing position. The endpoint in AROMmeasurements
was determined by musculoskeletal restrictions or pain. The
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mean of two sequential measurements was used for further
analysis.
In this discussion, the side with ND is referred to as the
ipsilateral side, with the opposite side referred to as the con-
tralateral side. For patients with ND, we only used the out-
comes of the affected (ipsilateral) side for shoulder abduction
and forward flexion, given the relationship of limitations in
shoulder function and pain to ND surgery [8, 18].
Statistical analysis
Descriptive statistics were calculated for patients without
ND, selective neck dissection (SND), modified radical
neck dissection (MRND), and radical neck dissection
(RND). Categorical variables are presented as numbers
and percentages, and continuous variables are presented
as means and standard deviations in the case of normal-
ly distributed variables. The Fisher’s exact test was used
to analyze any differences in patient characteristics with
respect to neck dissection; one-way analysis of variance
(ANOVA) was used to examine age differences among
the groups.
Patients who were treated with surgery and radiother-
apy were measured shortly after surgery and shortly
after radiotherapy (T1a & T1b). Results from a paired
t-test nevertheless revealed no statistical differences
(P > 0.05) between these measurement moments. We
therefore used the AROM scores obtained shortly after
the total oral oncology treatment (i.e., shortly after both
surgery and radiotherapy; T1) was used.
Linear mixed-effects models were constructed for all
measurement moments up to five-year follow-up, in or-
der to explore the effect of patient and clinical variables
on the maximum AROM of the ipsilateral and contra-
lateral flexion of the neck, ipsilateral abduction, and
ipsilateral forward flexion of the shoulder. Age at base-
line, gender, tobacco use at baseline, alcohol consump-
tion at baseline, tumor location, tumor size (T of TNM),
lymph nodes involved (N of TNM), treatment modality,
resection site, surgical reconstruction, type of neck dis-
section, and the measurement moment were added as
fixed effects, as were the interaction of clinical factors
and patient characteristics with the measurement mo-
ment. A random patient factor was added, in order to
account for within-patient correlations. The fixed effects
that were not significant at a 0.05 level were removed
in a backward process, beginning with the interactions,
in order to build a parsimonious model with a suffi-
ciently good fit and maintaining a hierarchical structure.
In this context, a hierarchical structure means that, if an
interaction with the measurement moment was included
in the model, the main effect was also included in the
final model. For the significant variables, the main
effects on ipsilateral and contralateral flexion of the
neck, ipsilateral shoulder abduction, and ipsilateral for-
ward flexion were calculated. All analyses were per-
formed using SAS version 9.2 (SAS Institute, Cary,
NC).
Results
In all, 113 patients were included in this study. The
baseline characteristics are depicted in Table 1. Of these
patients, 56 patients had been treated with primary sur-
gery and 57 had been treated with surgery followed by
radiotherapy. Further details concerning the patient char-
acteristics have been previously described [2]. At one-
year follow-up, 79 patients were measured. Between the
baseline measurement and one year, 11 patients died, 19
stopped participating, and 4 were excluded due to recur-
rence of the tumor. The patients who were measured at
one year consisted of 42 patients in the surgery group
and 37 patients in the surgery-radiotherapy group. In all,
66 patients were measured at five-year follow-up.
Between one-year and five-year follow-up, 12 patients
died, 2 stopped participating, and 1 patient re-entered
after missing a measurement at one-year follow-up.
Contralateral flexion of the neck
Results of the mixed model analysis indicate that contralateral
flexion showed significant lower scores at the 6-week post-
intervention (P < 0.05) and 1-year moment of measurement
(P < 0.01). Higher age at baseline negatively influenced
AROM by 0.31° per year of life (P < 0.001; e.g., the AROM
of a 65-year-old patient was 3.1° lower at every measurement,
as compared to the scores of a 55-year-old patient).
The moment of measurement interacted significantly with
the type of treatment (P < 0.05) and type of ND (P < 0.05). In
this model, this means that undergoing both surgery and ra-
diotherapy compared to only a surgery intervention leads to a
lower AROM at the 1- and 5-year moments of measurement.
The influence of type of ND varies per moment of measure-
ment. The course of contralateral flexion of the neck is visu-
alized in Fig. 1 for contrasting patients. The model for base-
line, one-year, and five-year follow-up is presented in
Appendix A.
Ipsilateral flexion of the neck
The mixed model analysis indicates that ipsilateral flexion of
the neck was significantly lower at all the follow-up measure-
ment moments, as compared to baseline (P < 0.001). Higher
age at baseline negatively influenced AROM by 0.33° per
year (P < 0.001; e.g., the AROM of a 65-year-old patient
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was 3.3° lower at every measurement, as compared to the
scores of a 55-year-old patient). The course of ipsilateral flex-
ion of the neck is visualized in Fig. 1 for contrasting patients.
The model for baseline, one-year, and five-year follow-up
is presented in Appendix B.
Ipsilateral abduction of the shoulder
Ipsilateral abduction of the shoulder showed significant lower
scores at follow-up compared to baseline (P < 0.01). Higher
age at baseline negatively influenced AROM by 0.90° per
year (P < 0.001; e.g., the AROM of a 60-year-old patient
was 9.0° lower at every measurement, as compared to the
scores of a 50-year-old patient).
Female patients had lower predicted AROM scores
over the five-year course. For example, at the one-year
moment of measurement, the predicted AROM of fe-
male patients was 8.7° lower than that of male patients
(P < 0.01). The course of ipsilateral shoulder abduction
was also significantly influenced by type of reconstruc-
tion (P < 0.001), with lower predicted scores for bone
graft/flap reconstruction (P < 0.05) and a more extensive
Table 1 Characteristics of groups











Age (average, SD) 66.6 (14.4) 65.3 (12.9) 62.3 (13.2) 67.5 (11.3) 0.775
Sex
Female 22 22 7 1 0.672
Male 20 33 7 1
Smoking
Yes 32 34 10 1 0.397
No 10 21 4 1
Alcohol
Yes 31 36 10 1 0.700
No 11 19 4 1
Tumor location
Mandible 8 28 7 2 0.000**
Maxilla 25 2 2 0
Tongue/floor of mouth 9 25 5 0
T of TNM
T1 20 18 1 0 0.084
T2 10 17 6 2
T3 1 5 2 0
T4 11 15 5 0
N of TNM
N0 40 39 0 0 0.000**
N1 0 5 6 1
N2 2 11 8 1
N3 0 0 0 0
Oncology treatment
Surgery 26 27 3 0 0.023*
Surgery and
radiotherapy
16 28 11 2
Oral reconstruction
Primary closure 27 20 6 1 0.122
Local flap 1 2 0 0
Myocutaneous/free flap 12 20 6 1
Bone graft/flap 2 13 2 0
*P < 0.05
**P < 0.001
Differences in patients sorted by type of ND were tested by Fisher’s exact tests and one-way ANOVA for age
ND, neck dissection; SND, selective neck dissection; MRND, modified radical neck dissection; RND, radical
neck dissection
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ND (P < 0.01). The course of ipsilateral abduction is
visualized in Fig. 2 for two patients with contrasting
characteristics. The model for baseline, one-year, and
five-year follow-up is presented in Appendix C.
Ipsilateral forward flexion of the shoulder
Ipsilateral forward flexion of the shoulder was none
significantly progressively lower at all post-intervention
measurements with all being significantly lower than
baseline (P < 0.05). Higher age at baseline negatively
influenced AROM by 0.70° per year (P < 0.001). Type
of reconstruction, type of ND, tumor location and T in
TNM significantly interacted with the moment of mea-
surement. This means in this model that patients with
bone graft/flap reconstruction perform worse. Tumor lo-
cation maxilla performed worse at the 6 week post in-
tervention and 6 month moment of measurement. The
influence of type of ND shows a non-significant trend
for worse AROM with more extensive ND. T in TNM
status shows better scores for patients with a T2 tumor
[P < 0.05]) compared to T3 and T4 tumors. The course
of ipsilateral forward flexion is visualized in Fig. 2 for
two patients with contrasting characteristics. The model
for baseline, one-year and five-year follow-up is pre-
sented in Appendix D.
Fig. 1 Ipsilateral and
contralateral flexion of the neck,
example patients.▲,
Contralateral flexion of the neck,
70-year-old patient, surgery. SND
●, contralateral flexion of the
neck, 70-year-old patient, surgery
and radiotherapy. MRND ♦,
ipsilateral flexion of the neck, 50-
year-old patient. ■, Ipsilateral
flexion of the neck, 70-year-old
patient. SND, selective neck
dissection; MRND, modified
radical neck dissection; AROM,
active range of motion
Fig. 2 Ipsilateral shoulder abduction and forward flexion, example
patients. ■, Ipsilateral abduction, 60-year-old male, primary closure, no
ND. ♦, Ipsilateral abduction, 60-year-old female, bone graft/flap
reconstruction, SND. ▲, Ipsilateral forward flexion, 60-year-old
patient, myocutaneous or free flap reconstruction, T2 tumor, SND,
TFM. ●, Ipsilateral forward flexion, 60-year-old patient, bone graft/flap
reconstruction, T4 tumor, SND, mandibula. SND, selective neck
dissection; TFM, tumor located in the tongue or floor of mouth;
AROM, active range of motion
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Discussion
Neck and shoulder function were significantly lower over the
5 year course of follow up when compared to baseline. When
exploring risk factors, higher age was shown to be the com-
mon factor negatively influencing active range of motion out-
comes of the neck and shoulders. Contralateral flexion of the
neck was predicted lower for patients treated with both sur-
gery and radiotherapy compared to only a surgery interven-
tion. Ipsilateral shoulder abduction was lower for females
compared to male patients. Ipsilateral shoulder abduction
and forward flexion were lower for patients undergoing bone
graft/flap reconstruction. Ipsilateral forward flexion was also
predicted by the type of ND, location, and T in TNM state
with different influences at the moments of measurement.
The models could be used to target patients who are at risk
for developing lower neck and shoulder function in future
intervention studies.
The five-year course of neck and shoulder function
Only one other cross-sectional study has described shoulder
function at five-year follow-up. It describes ipsilateral forward
flexion and abduction as being persistently lower at five years,
as compared to the normative AROM value of 150° [10].
Mean scores of all the predicted values in our models were
lower than 150°, which is in line with these findings indicating
shoulder limitation. Visual analysis of the course of neck and
shoulder function for patients with different characteristics
(Figs. 1 and 2) showed a decline in neck and shoulder function
after intervention with partial recovery of function up to 1 year
moment of measurement [6, 8]. The description of the five-
year course of neck and shoulder function in our study con-
firms findings of other authors that neck and shoulder function
deteriorates after medical intervention and partly recovers dur-
ing follow-up. This could mean that physical therapy interven-
tions can be started as soon as possible, and when patients did
not receive post-intervention physical therapy, it can also be
indicated at longer follow-up [6, 13, 19].
Factors influencing neck function
This is the first study to identify higher age at baseline as a risk
factor for developing limitation in neck function. According to
the results of the mixed model analysis, age was responsible
for a decline of 0.31° per year for contralateral flexion of the
neck and a decline of 0.33° per year for ipsilateral flexion of
the neck. Normative data show that AROMof the neck during
adulthood decreases with age at a rate of 5° per decade [20].
This natural decline in range of motion could thus offer an
explanation for the decrease in neck function with higher age.
Contralateral flexion of the neck was worse for patients un-
dergoing surgery and radiotherapy in comparison to only
surgery. The negative effect of adjuvant radiotherapy on
AROM is in contrast with previous research [6, 8]. Although
pain and radiation fibrosis offer plausible explanations for
limitations in contralateral flexion of the neck, studies on
chewing ability and trismus also show a negative effect of
radiotherapy [2, 5].
Factors influencing shoulder function
The effect of age in the model for ipsilateral abduction (−
0.90°) per year and for forward flexion (− 0.70°) per year
can be explained only partially by normative data, which in-
dicates a natural decline of 0.33° per year between 40 and
70 years of age for forward flexion and abduction of the shoul-
der [21]. Higher age might be related to higher vulnerability,
and it might therefore have a higher impact of the oncology
treatment. In this study, ipsilateral shoulder abduction was
lower for female patients than it was for male patients. This
result is in contrast to results reported in studies on healthy
subjects, in which females exhibited better AROM [22]. The
model for ipsilateral abduction also included characteristics
that are likely to be strongly correlated with each other (T in
TNM, tumor location, type of reconstruction, and type of
ND). The negative effect of the extent of neck dissection sur-
gery on shoulder abduction and forward flexion has been de-
scribed before, and it is partly related to accessory nerve dam-
age [6, 23, 24]. The only previous cross-sectional study to
describe shoulder function at five-year follow-up also reported
a negative effect for the extent of ND surgery [10]. The neg-
ative effect of bone graft/flap reconstruction is in line with
previous studies, which have reported negative effects for ex-
tensive reconstructive surgery [6, 25].
Limitations of this study
The models should be interpreted with care, as the pre-
dicted AROM of patients with clinically more common
characteristics are likely to be more valid. Information
on the accessory nerve status of patients in this cohort
is lacking. Accessory nerve status can explain about
50% of the limitations in shoulder function [26], in
addition to providing prognostic information to patients
and physical therapists. Accessory nerve status could be
examined by electromyography (EMG), by screening the
operative report for accessory nerve status, or by exam-
ining active trapezius muscle function. Due to time con-
straints, no measurement of external rotation of the
shoulder was performed. A decrease in external rotation
could be an indication for secondary shoulder com-
plaints, like adhesive capsulitis [8, 27]. The patients
receiving neck dissection surgery in this study were
treated by different head and neck oncology surgeons.
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This could have influenced the outcomes of function
related to the (years of) experience of these surgeons.
However, until now, there is no evidence to underpin
this. This study could have been biased by the rate of
loss to follow-up due to death and withdrawal, with
patients in better condition being more likely to survive
and less likely to withdraw from the study. In all, 28%
of the patients in this sample died between baseline and
five-year follow-up. These patients probably had worse
characteristics, but the use of mixed model analysis cor-
rects for this possibility. The design of this study was
explorative design, and it did not present a prediction
model, due to the absence of a clinical cut-off point for
identifying patients at risk. This limits the clinical us-
ability of the results.
All patients undergoing ND had received instructions from
a physical therapist regarding basic neck and shoulder mobil-
ity exercises before discharge from the hospital. Although
outpatient physical therapy was registered, the content and
frequency of the treatments were unclear. The level of daily
activity and exercises performed by the patients included in
this study was not registered. It could be hypothesized that
patients who are more physically active recover better.
Future research should include measurements on daily activity
and exercise.
Future perspectives
This study provides clinicians with insight into factors that
influence the course of lateral flexion of the neck, ipsilateral
abduction, and forward flexion of the shoulder for patients
with oral cancer [12, 28]. Patients with characteristics that
predict worse AROM recovery over five years, as compared
to baseline, could be the focus for future physical therapy
interventions. The results could be used to inform patients
and customize exercise interventions. Patients who are expect-
ed to regain neck and shoulder function comparable to base-
line could be helped with a basic exercise instruction. Patients
who are expected to develop limitations in neck and shoulder
function could possibly benefit more from patient-tailored
program. The specific exercises have to be determined in fu-
ture research as underlying mechanisms for developing neck
and shoulder complaints can be different. The effects and op-
timal exercise strategies of such programs should be studied.
This would be in line with the current public demand for cost-
effective and risk-stratified care.
In conclusion, this study identified high-risk patients for
neck and/or shoulder impairments over a five-year follow-up.
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